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that are visib$ accompaniments of luminaries standing 
above the homzon. In both classes the li h t  pillar lies 

either above and below it, or only above it. Bravnis 
has called the first group “light pillnrs of the first order” 
and those of the second group ‘‘ hght pil1ai.a of the second 
order.’.’ Both classes are to bo csplained as due to 
reflections from the basal phnos terminating columnar 
ice risms unmodified by pyraniidal faces, as they float 

in the luminar ’s vertical; those ‘of the h rst class are 
only above the 9 uminary; those of the second class may be 

in t % e air. 

matter of discussion, even for cases where the sun is 
several de ees below the horizon (of course in the latter 

consider it certain that an oscillation of as much as 20’ 
frequently occurs, and that it is not inipossible for even 
greater amplitudes to occur.a It is true one may still 
assume that even the triple reflection would also furnish 
a sufficient number of luminous rays to contribute to the 
formation of the upper structure of the pillar, although 
there must be a considerable difFerence in the intensity. 
Thus, su pose a ray reflected from a lower basal 

ne ancfon its path to the eye intercepted by an apper 
k a l  plane in a favorable position, and that it is reflected 
upward from this plane to a second lower basal lane also 

surface is the third reflection and can bring the ray to 
the observer’s eye. The writer, however, would resort 
to the phenomenon of threefold reflections only in the 
estremest cases of light pillars exceeding 40’ in vertical 
extent. The difference in intensity between sim le and 

and fivefold, etc., is too great to permit observers to over 
look the striking1 ciiflerent degrees of brilliancy that 

Specially favorable conditions may, indeed, produce a 
more gradual gradation in intensity; but I here maintain 

case the p f lar has the red color of the low-lying sun). I 

favorably located, then the reflection from t % is latter 

threefold reflections, and particularly between t iE eefold 

must result there 9 rom if the pendulation remains small. 

- perfected by Bravaisl Bravai endeavm to show that an oscillation of only 4’ is suffident to produce thee 
eaterhelghtsifone elsocalls u on the henomenon ofmultiplereflection. Hels forced 
some such recourse, since he unwflhg to depart very far from hls mmpticm that 

rdcally flostlng rbmatlc needlea am always free from oscillations. (Bet hh b i b o i r o  
IIV la JIElGa, eta Lk3, l847,  pp. 188-168.) 

1 Emtlnge., Charlea S. L t. A constderation of the m m  famlHaS phenomena d . 
p i c a  New Ymk, Cbm. %bher‘s Sons, etc. 1901. xi, 224 p. Illas. PO. (Yale 

centatubl publlostlolla) 

that one is not compelled to follow Bravais who, for the 
sake of consistency, must hold to the theory that the 
prism is practically fixedl vertical because his theory of 

condition. We may a t  once assume that the pendulation 
aiaounts to 20’ or 2.i0, and if need be may even assume 
that this value is esceeded, for we find i t  quite in the na- 
tare of thiilgs that sniaU floating crystals may be forced 
quite far from the vertical as they fall throu h the air. 

far n single reflection as the& origin. 
Wh0n the pillar is seen continued beneath the sun as 

the latter stands somewhat above the horizon, then the 
pillar is indeed to be referred to a threefold reflection. 
The width of tliese pillars is, however, greater than the 
solar dinineter and for the reason that the pendulation of 
the iims is not only in the plane of the sun’s vertical but 
hi a 1 directions. For this reason the ima e of the lumi- 
iiarv appears to suffer reat longitudinal istortion, just 

and RISQ appears somewhat wider although of couwe 
insignificantly so as com ared with the lengthening. 
The light aars undergo &e same sliiht widening as a 
result of tKe rism pendulations not being restricted to 

hm of the s e e d  order a pear on1 during 
higher Light a P titudes of the luminary. TEey are c9 ue to a 
twofold reflection from the basal planes of the vertical ice 
prisms, and appear above or below the luminary according 
to the relat,iire positions of the two reflectin surfaces. 

luminary simultaneously. &e light rays fall h t  upon 

observer. 

i ‘ .: 

the upper tangent arc o 9 the halo of 46’ demands t.h 

‘l‘lie trctucd blinding brilliancy of these light pil f ars argues 

% .f 
as does the reflection o B a light on a wavy water surface, 

the plane of t fl e luminary’s vertical. 

Of course the pillars may a pear above and % elow the 

to apower 
ai1 u per basal lane, whence they are reflected up y a r d  

plane which throws them down to the 

2 
ON HALOB. 

[&t7ad f tom “Light?’ by C m E 8  5. HASTINOS.] 

1 4  

An incisive and important work on halos, and their 
phenomena and theory is contained in the latter part of 
the work entitled “L‘ ht”’ by Prof. Charles S. Hastings, 
of Yale University. 3 s  this work is almost unknown to 
our meteorological observers, we reprint, by permission 
of the author, the concluding pages, 221-224 of Prof. 
Hastings’s text.-c. A. 

As this completes the explanation of all known featuree 
of the complex phenomenon called the halo,. it may be 
well to collect them in tabular form. We wdl first give 
those of which the origin has been known for a longer or 
shorter time, with the name of the physicist who first 
found the true explanation. 

1. Halo of 22’ radius. Mariotte. 
2. Parhelia of 22’. Mariotte. 
3. Oblique arc8 of Liiwitz. Galle. 
4. Tangent arcs to the 22’ halo, which become the 

circumscribm oval with high sun. Youn and Venturi. 

tions given on p 219 [of the abovementioned volume] 

G%orizontal tangent arc8 to the 46O halo. GalIe; 

5. Halo o I: 46’ radius. Cavendish. f k k m s  objec- 

in r ard to thls T eature are valid.) 
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To these must be added the following, which have not 
hitherto been explained at all, or wrongly explained be- 

ounded upon theories which are untenable: 
7. !f ateral tangent arcs to t8he 46" halo. 
8. Parhelic circle. 
9. Paranthelia. 

10. Anthelion. 
11. The arcs above and below the 32" halo. 
1.3. The short oblique arcs through the ant,helion. 
13. S iral arcs through the anthelion. 

There is, however, a celebrated halo that contains a 
feature not mentioned in the llst, which has given a great 
deal of trouble to writers on this subject from the time of 
Hu hens down. It is a rather remarkable halo observed 
by evelius in 1661, and described full in Smith's Op- 
ticks, Volume I, pages 221, 322, althoug 1 with the escep- 
tion of this feature it seems to have been a well-developed 
halo depending upon tlie presence of the A group for its 
chief characteristics. The esceptional feature is a circle, 
of which only the lower portions are shown in the figure 
illustrating it, everywhere 90" from the sun, and therefore 
a eat clrcle. Bravais, who styles this as the most 
augentic of all extraordinary halos, cites all the explans 
tions offered,.points out their fallacies, but quite frankly 
declares his mability to propose any more satisfactory 
theory. Since I am forced to follow Bravais esactl in 
this respect, it may be well to review the evidence o 1 the 
existence of the 90" circle, beyond that contained in the 
original record. There is nothing in tlie records of the 
time since Bravais which bears upon this point, at least 
a search by me has led to no result; hence we are con- 
fined to the three exam les which that author finds. 

observed at Melville Island, given b Parry and Sabine. 
The 

qua d rant from the sun, is taken as an observation of the 
circle in question; but a most casual reading demoii- 
strates that such an interpretation is an entire misappre- 
hension. 

The second instance is found in a very uncritical de- 
scri tion of a halo seen at Derb in England, in 1802, and 

page 373. In  this case neither the name of the observer 
nor the place of the sun in the heavens is given. The 
passage 111 which Bravais finds evidence of the 90" circle 
reads as follows: "* * * the fourth (circle) circuiii- 
scribed all the others, and was t,ouched upon the western 
side by part of another of the same diameter." It is quite 
clear that this circle did not have a radius of go", not only 
because no ordinary observer would dream of calling a 
great circle of which the sun occu ies the position of one 

another circle tangent to it and of the same diameter 
would be identical with it. Unquestionably, this fourth 
circle was the 46" halo, and the circle touchmg it was the 
up er tan ent arc. 

$he fins case agpears to be much more conclusive. It 
is that of a lunar alo observed by Erman a in Siberia in 
1828. 

Here, with the most minute particularity, that traveler 
'ves the resulta of his observations, together with the fact 

$at at loh 30m p. m., Tobolsk mean time, the measured 
distance of the moon from the vertex of an auroral arch 
was 83.2'; moreover, that at the same instant the lunar 
halo intersected the auroral arch a few degrees to th9 

14. ?. ertical columns. 

ff P 

The first [example] is ? ound in the description of the halo 

assage in the last aragrap x of the quotation 
["Li Et"], page 143, descri Fl ing the faint light about a 

pubyished in the Philosophica P Magazine, Volume XI, 

pole, a circumscribing circle, but a E o because in that case 

-- 
'Erma& R e h  urn dle Erde, vol. I, p. 5w. 

west of its vertex. This seems very convincinf as to the 
esistence of a halo with a radius of 85" to 90 ; but ref- 
erence to the details of the original account shows cer- 
tain peculiarities which can not fail to awaken strong 
doubts concernin this conclusion. In  the first lace, 
Erman describes t Be halo without any intimation t t: at it 
is an unusual one. Then he mentions the fact that it co- 
incided with a part of one of a system of concentric arm 
which are supposed to be auroral on account of their 
fixity of position with respect to the earth. Finally, he 
gives the measured distance of the moon from the apex 
of the lowermost arch at 6h 30m in the evening, which he 
found to be 86". At this time the moon was close to the 
horizon; consequently, if the radius of the halo was 90' 
it would have intersected all the auroral arches nearly 
orthoaonally, and a partial coincidence a t  an point would 

only inconsistency. An investigation as to the osition 
of the moon at the place given and a t  the epoch of & ovem- 
ber 24, 1535, loh 30" p. m., shows that ita true distance 
from the oint indicated as marking the place of the 

ment is erroneous. 
But it is quite easy to supply to the printed account 

an emendation which eliminates all the difficulties and 
contradictions. 
tion, the distinguished traveler was at  Sawodins , a 
a place 5" north of Tobolsk. engaged in making a com- 
plete and protracted set of observations on the magnetic 
elements of the. place. Duriug the intervals of these 
observations-important as a part of a very elaborate 
system--he entered in his notebook the contemporary 

heiiomena of auroral arches and the halo. At the later 
{our named he made the angular measure, probably 
with a sestant. 

So much is certain. Now let us suppose that he chose 
the easy task of measuring the distance between the 
summit of the nurornl arch and t,he nearest point of the 
halo instead of the less simple task of measuring the 
int.erval separating t.his summit, from the relatively 
brilliant inoon, in which case he w.ould have been obliged 
to experiment with the dark g1asse.s whic.h are not well 
adapted for this kind of work. ZJnder this supposition 
and t,he assumption that t,he halo was the ordinary one 
of 22", we find that !,he distance separating t,he apex 
of the arch and the moon was 105.2O, which accords well 
enou h wit.h t.he astronomical fact. The on1 other 

intersected the auroral arch a 
of its vertes was t.he vertical 
instead of the circle which 
With these highly plausible nssuinptions the records of 
a trained observer arc made perfectly clear and probable, 
while without them they are entirely self-contradictory; 
yet with these modificatious tlie last bit of confirmatory 
evidence for the 90°-halo of Hevelius falls to the ground. 
It does not seem unphilosophical to conclude that an 
inexplicable phenomenon recorded only once in a quar- 
ter of a mileuniuni does not really exist. 

Addcndu,m of December 15, l g l d ,  by Prof. 0. S.  Hastb38. 

In  recent letters from Prof. Hastings he says: 
"I found Bravais's theory quite untenable, which per- 

ha s had occurred to many others. Bravais's extended 

investigator in t.his field, but is theories to explain the 
phencmeiitt were far from ha py. The results of my 

have teen quite out of the question. But t i is is not the 

vertes of t Fl e auroral arch was 107"; hence Erman's state- 

yes- We find that. on the evening in 

niodi f l  'catioii necessary is to assume that the circ Q e which 

% co Re ction of records was of reat importance to every 

own study in this field are em Fl odied in a book entitled 
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‘ I  Light ” (Chm. Scribner’s Sons, New Yorlc, 1901), 
where pages 139 to 153, inclusive, are given to a popular 
discussion of halos, and in Appendis C, [is given] a more 
rigid treatment with criticisni of Bfavais’s yiews together 
with a substituted theory, which, UI my mind. is ?wept,- 
able. In this I succeeded in explaining all of t.he authen- 
ticated phenoniena of halos, 14 in all, with the escept.ion 
of thc fanious 90O-circle of Hevclius which would be the 
15t.h. At t.hat tinie I was almost disposed t.0 question 
the reality of this feature; now, my attitude is somewhat 
changed, and I am incliued to a belief that it ndniits of 
theoretical esplanation. This explanation I have not 
published because certain of its assumptions are not 
sufficiently based upon observation. * * * 

“The first and most voluminous writer upon the sub- 
ect. and erhaps the most philoso h i d .  was Rnbvnis. 

error in niechanics conhined in the assunipt.ion that 
elongated crystals would fall t.hrough the air with their 
axes vertical and plate-form crystals wit.h their ascs 
horizontal; (2) that ordinar rehections from the faces 

increase in sky luminosity which characterizes the few 
tures of halos; (3) that he was justified in assuming 
the presence of any desired form of ice crystals conven- 
ient for his purposes provided that they did not contra- 
dict the laws of crystalography, overlookiq, moreover, 
the. fact that in order to attain his explanation lie must 
assume the eat predominence of that part.ioular type 

“Writers who have followed Bravais have, to t,he best 
of my knowledge, corrected only t.he fist of these funda- 
mental errors, namely, the mechanical ones. The opt& 
cal and the crystalographical have not been touched, 
see figures 13, 13, 14, of page 434 of the MONTHLY 
WEATHER REVIEW for July, 1914. 

“Let us consider briefly the significance of the three 
criticisms above, or rather, since everyone agrees as 
re ards the first, let us turn our attention to the ot,hers. 
den we regard an ordinaq feature of the halos, t.he 
22O-ring for example, the origin of which is esplained to 
the satisfaction of everyone, it will be observed t,hat very 
nearly all of the light which enters a face of a suitably 
oriented crystal emerges in the direct.ion of the obscrver 
other crystals resent merely diluting the phenomenon. 

prisins reduced to  one-twentieth or less, can anyone 
suppose that under such circum?tmFes any very marlied 
or even notable increase of luminosit-y could be found m 
this region? But this is just the ratio of the decrease of 
luminosity when one depends, as do all of these writem, 
upon ordmary reflections from the crystals. 

“As to the third criticism, i t  hard1 needs more than a 

i3 ravais’s P undamental errors were t. \ e following: (1)  :~n  

of such crystals could pro B uce anywhere the notable 

in just the f esired direction. 

Now imagine t I! e amount of light sent from such oriented 

statement to render it valid. That 3 ravais should have 
of unknown cryskal f o r m  
they would meet his theo- 

is not so surprising; but that anyone 
host of new forms which haye an 

even less probable actuality is certainly very surprk3ing. 
The tremendous outstanding objection to this method, 
which a pears above, has never been touched upon as 
far aa I Low-I mean, that even granhng the existence 
and efficiency of those highly complicated crystals one 
must put them in enormous numemcal majonty in just 
the requred direction in order to be effective. 

“The princi les at t.he base of my the0 are also 

ice crystals 88 have been observed and are of ve 
three, and of t i e simplest kind: (1) Only suc T fo? of 

type can be presupposed. This is an almost se 7 -evident 

the law of 

planation in every case in total reflections. 
With these nnxrow restrictions, made by no other 

miter, I had [in 19001 succeeded in explaining all well 
authenticated plienomenil of this class mth  the postulate 
of only 2 forills of perfectly well-known crystals.” 
5.‘ : . . c . ,  
SYSTEMATIC EXPLORATIONS O F  THE UPPER AIR WITB: 

EST-TES O F  COST.’ 

Hy MARK W. HARRINQTON, Chief, U. 8. Weather Bureau. 
l l C d  I d o r e  the Intemtiousl Conteronce on derhl Navigation, Chicago, Ill., August, 

lm.] 
[This pa er is of such historical value that we reprint it in full from 

the originay for the information of students of meteorology. The paper 
was briefly referred to in the Monthly Weather Review, June, 1897, 
26: 313, aiid January, 1914, 49: 39. 

Many will .be interated. to learn that Prof. M. W. Harrington is 
atill quietly living near Phlrdelplua, P a . 4 .  A.] 

The exploration of the upper air is the immediate r e  . 
changes which go under the name of weather have their 
origin at some distance above the earth; and of what 
occurs in the cloud layer or layera, our knowledge is 
insignificant or theoretical. The only systematic at- 
tempt to investigate the higher atmosphere has been by 
meam of mountain stations; but thls, though i t  has led 
to a series of interesting results, does not meet the re- 
quirements of the meteorologist. The station on the 
mountain top is after all only a station on the earth’s 
surface; and though many of the e uidynamical surfaces 

for instance), others (as the isothermic and those for 
wind and humidity) show mRrked adaptation to the con- 
tour of the surface. Many aeronauts have noted this 
adaptation as especially true of the cloud layers the lower 
one ofteii reproducing with some exactness the general 
variation of the surface below. We can hardly espect, 
therefore, that the mountain stations, useful as they are, 
will give us the aid needed 
at considerable elevations in 

There are several wa of 

The s ectroscope promises 
twinkEng of the stars might be expected to give us a 
detil of information when properly interpreted; gi:: 
Ventosa has shown that even the fluctuations on the 
margins of the larger celestial bodies! when viewed in the 
telescope, have apparent relations mth  the u per winds. 

total result received by us is the mtegration of the indi- 
vidual effects at each point of the path, and it is not prac- 
ticablo to separate the sum into its pyrts. Besides, even 
if this could be done, the informat~on to be obtained 
would be very incomplete, as it would relate only to a 
part of the series of meteorologicfil elements. It may be 
mentioned as of interest in thls qonnection that the 
scintillation of stars has been especially and systemati- 

uirement for the satisfactory advance of meteorolo 
+here is abundant reason to think that many of t Y e 

show change with the elevation of t 1 e land (the isobaric, 

investigating the ray of 9“ ight 

This information must, however, .be vague, f ecause the 

~~ 

1 Reprintrd /ram pp. 349-354 of Proeeedis international conlerence on nerlsl mvi- 
 tia an, Chicago, Aug. I,?, 3, and 4,1993. A&. eng. end milr’d jour. New Yak,  1894, 
IV,  m p .  8’. 


